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Rieske/cytochrome b complexes are transmembrane proton pump-
ing quinol oxidases that are present in most organisms. Phylogenetic
analysis indicates that they were already present in the Last Universal
Common Ancestor (LUCA) of all living beings and inherited mainly
vertically ever since. Since Rieske/cytb complexes oxidize quinols and
reduce periplasmic electron carriers their mere presence in the LUCA
indicates ﬁrstly that quinones and enzymes operating at high enough
redox potentials to accept electrons from the Rieske protein were also
present at that time and secondly that energy metabolism relied on
chemiosmotic coupling already in the LUCA.
From the LUCA to our days, Rieske/cytb complexes witnessed the
history of life on Earth. Selection pressures operating in different
periods of history, different environments and metabolic contexts
shaped architecture and function of the members of this enzyme
family. Speciﬁc characteristics of the enzyme therefore hold informa-
tion with regard to these events and can be analysed from genome
sequences and functional studies of phylogenetically distinct Rieske/
cytb complexes. Several characteristics of the enzyme such as the
number of subunits and co-factors, the redox potential of the Rieske
subunit and by extension the nature of the reacting quinone can be
tentatively predicted from amino acid sequences and were in some
cases assessed by functional studies. The genomic context may
predict enzymes functionally associated with Rieske/cytb complexes
and therefore the type of metabolism the enzyme is operating in,
informations that have been experimentally tested for a few groups of
organisms only.
Against the background of vertical inheritance, isolated cases of
lateral gene transfer can be detected and analysed with respect to the
evolutionary advantage they confer. Haloarchaea are so far the only
organisms that acquired Rieske/cytb complexes via interdomain
lateral gene transfer. In their genomes, they contain genes coding
for two distinct Rieske/cytb complexes originating from different
bacterial sources and exhibiting sequence characteristics that
suggest them to be implicated in differing metabolic pathways.
Planctomycetes, Acidobacteria, Geobacter-species (δ-proteobacteria),
Sulfolobus (Crenarchaea) and Thermoplasma (Euryarchaea) are other
phyla and species which are known to harbour multiple copies of
Rieske/cytb complexes, for reasons that remain to be studied.
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The ubihydroquinone:cytochrome c oxidoreductase or cyto-
chrome bc1 is a central component of respiratory and photosynthetic
energy transduction pathways in many organisms. It contributes to
the generation of membrane potential and proton gradient used for
cellular energy production (ATP). The three-dimensional structures of
cytochrome bc1 show a homodimeric organization with three sub-
units per monomer. Remarkably, one of these subunits is shared by
both monomers. This unusual architecture raises the issue of whether
the monomers operate completely independently, or they function
cooperatively during the catalytic cycle of the enzyme. In recent
years, different genetic approaches that allow production of physio-
logically relevant heterodimeric cytochrome bc1 enzymes were
described [1–7]. Here, the advantages and disadvantages of these
approaches will be reviewed critically [5], recent improvements that
yield genetically more stable heterodimers will be described, and
warnings will be raised on how to use these systems without
accumulating experimental artifacts [7]. In particular, we will focus
on an improved “two-plasmid” genetic system that allows inter-
monomer electron transfer within mutant cytochrome bc1 enzymes,
and that sustain physiological growth of Rhodobacter capsulatus [4].
Our data reveal both forward and backward inter-monomer electron
transfer between the four heme b cofactors of mutant heterodimeric
cytochrome bc1 enzymes. Implications of these recent ﬁndings on our
understanding of the mechanism of function of a dimeric cytochrome
bc1 will be discussed.
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